Introduction
The injection molding machine has a pivotal position in the plastics industry, however, with the enhancement of public's attention to energy issues, high energy consumption of injection molding machine become increasingly prominent, thus energy saving has become one of the main directions for the development of injection molding machine [1] .
Plastics processing parameters have a significant impact on the energy consumption of plastics. Some researches focused on the degree of influence that process parameters have on plasticizing energy consumption. Some other researches obtained the optimal parameters by physical experiments. However, optimization of plastics process parameters based on energy consumption using numerical simulation was seldom studied [2] .
In this paper, POLYFLOW software was used to obtain the optimal plastics process parameters.
Finite Element Model
Metering Section of the Screw and Flow Channel Models. The grid models of metering section of the screw and flow channel were built with Gambit software and then imported into POLYFLOW which has the unique grid overlay technology (MST) [3] to finish the assembly. The diagram of assembly process is shown in Fig.1 . The diameter of screw is 44mm, lead is 44mm, depth of groove is 3.08mm and the gap between screw and barrel is 0.176mm.
Boundary Conditions.
The boundary conditions contain of pressure boundary and velocity condition.
Velocity boundary consists of the velocity between inner wall of the barrel and material, the velocity between melt and outer surface of the screw. The speed of materials that contact with the inner wall of the barrel is zero. In Cartesian coordinate system, the speed of material that contact with outer surface of the screw is determined by equation
Where vx, vy, vz are velocity components of material that moving on the screw surface along the three axes, with the unit of meter per second (m/s); n is rotational speed of the screw (anticlockwise is positive), in r/min; vs is the velocity of the screw when moving back, in m/s. (5) There is no slippage. Based on the above assumptions, the control equations of the fluid in the metering section of the screw are built.
In this paper, we chose the power-law model which is widely used in polymer processing simulation, and its constitutive equation is shown as equation [4] (1-2) below.
Where η0 is zero shear viscosity, in Pa.s; is shear viscosity, in Pa.s; n is Non-Newtonian index.
Experimental Design and Analysis
Experimental Design and Results. In the plasticizing process, the screw moves back while rotating, the backward velocities of the screw under different rotational velocities as shown in Table  1 . [6] shown in Table 2 is used to design this experiment. (1-4) Where W is energy consumption of plasticizing process, in J; t is the time of plasticizing process, in s.
After analysis of experimental results, experiment group S-9 makes energy consumption least and plasticizing parameters are 60r/min, 290 o C and 1MPa respectively. The shear stress distribution contour of this experiment group is shown as Figure 2 , the maximum shear stress is 0.9249MPa. Range Analysis. Range analysis method was used to analyze the simulation results. The results of range analysis is shown in Table 3 , where is the average value of energy consumption, , , , , and are average values of energy consumption with the same level at each factor. R is the range value of the energy consumption. The size of range value represents the level of influence that the factor has for the energy consumption. According to the values of , , , and , effect curve of the three factors versus average energy consumption is obtained ,which is shown in Figure 3 .
From Table 3 and Figure 3 , we can obtain conclusions as follows:
(1) The three factors which influence the energy consumption are ranged from the maximum to the minimum according to the value of R as: back pressure, barrel temperature, and screw velocity.
(2) With the increasing of back pressure, energy consumption is increasing rapidly. Which is because the greater the back pressure, the greater the degree of compaction of the melt and the viscosity and shear stress, and caused higher energy consumption. With the barrel temperature increases, the energy consumption decreases. The increasing of the temperature leaded to reduction of the melt viscosity and the shear stress, thereby reduced the energy consumption. As the screw speed increases, the energy consumption increases. The torque acting on the screw is proportional to the speed, the greater the speed, the larger the torque, thus the increasing the energy consumption.
(3) The optimal plastics process parameters of screw velocity, barrel temperature and back pressure which correspond to the lowest energy consumption are 40r/min, 300 o C and 1MPa. Another simulation was conducted to verify the parameter combination is the optimal one, the plasticizing torque is 39.14N.m, the corresponding energy consumption is 8.974KJ, and the shear stress contour is shown as Figure 4 . The largest shear stress (in red) is 0.4789MPa. Comparing with the previous results shown in Figure 2 , both the value of energy consumption and shear stress had been reduced significantly. 
Summary
In this study, we performed the numerical simulation on energy consumption under different plastics process parameters of the injection molding machine. We found that with the increasing of rotational speed of the screw and back pressure, energy consumption was increasing. The energy consumption reduced as the barrel temperature increased. Experiments results show that the back pressure impacts the energy consumption most, follows by the barrel temperature, and the screw speed influences the energy consumption least. The optimal values of screw velocity, barrel temperature and back pressure are 40r/min, 300 o C and 1MPa, respectively. By using the numerical simulation method, the reliable optimal plastics process parameters can be obtained with relatively low-cost without the actual physical experiment.
